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The Al Is core-electron binding energy shifts have 
been calculated for A l ^ and A l ^ clusters by the MS 
X a method. The atom/cluster shifts calculated as the 
differences between the Slater transition-state 
energies for the Is levels are 5.50 eV and 2.68 eV, 
for Al^j and A l ^ , respectively.These values are to be 
compared with the corresponding calculated X a A SCF 
results of 5.27 eV and 2.75 eV . 
The determination of core-electron binding energy shifts 
has been attracting great interest and the significance of 
this problem is shown by the large number of papers published 
on this subject recently.. The'considerable amount of experi-
mental and theoretical work has been motivated by the success 
of the use of soft X-rays (e.g. the Al Ka line with an energy 
of 1487 eV and the Mg K a line with energy of 1254 eV) to 
study core levels with high resolution ( ~ 0 . 1 eV) [1-2] . It 
was early realized that the core-level energies depend on the 
chemical environment of the atom and are systematically seve-
ral eV lower in conducting solids than in free atoms [3]. 
Measurements and calculations on the atom/molecule binding 
energy shifts have been performed for 0^, Sg, P^, As^ and S e
R 
[4-5] . It has been recognized that binding energy shifts ref-
lect not only the ground-state charge distribution of the 
molecule, but also the energy associated with the rearrange-
ment of the passive electrons in the final state. Results for 
F / F
2






 [6-7] show that without 
final-state effects the Is binding energies would be higher 
in the molecule.than in the atom, so that ASCF calculations, 
i.e. SCF calculations both for the initial and for the final 
state
-
, have to be done. 
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The core-level binding energy is defined as: 
E = E,(n -1)-E.(n ) 
c r c i c 
where E ^ n ^ is the total energy in the initial state with n
c 
electrons, E,(n -1) is that in the final state with n -1 ele-
i c c 
ctrons, and n
c
 is the initial occupancy of the core level c. 
Nevertheless, in the X a approximation [8] the core-level 
binding energy can be approximated well by the Slater 
transition-state energy. 
In this paper we present ASCF and transition-state results 
calculated with the MS X a method for A1 Is core-level 
atom/cluster shifts in clusters of 13 and of 19 A1 atoms. The 
method was suggested by Slater [8] and was applied to calcu-
late molecular ESCA spectra by Connolly et al. [9]. The geo-
metry of the Aljj cluster corresponds to an Al atom and its 
12 nearest neighbours in bulk Al of fee structure with the 
lattice constant 404.3 pm. For A l ^ the 2nd shell of 6 
nearest neighbours has been included as well. 
The muffin-tin version of the MS X a cluster MO method has 
been used [10]. The atomic region consists of atomic spheres 
142.9 pm in radius around each of the atomic nuclei. The atom-
ic spheres are enclosed in a sphere 428.8 pm in radius, the 
outer sphere, centred at the central atomic nucleus.The poten-
tial is spherically averaged inside the atomic spheres, as 
well as outside the outer sphere, and it is taken to be con-
stant in the interatomic region, the region inside the outer 
sphere and outside the atomic spheres. The exchange 
parameter, a , has been chosen to be 0.7285 [11]. 
The Is core-level binding energy for a free Al atom has 
been determined as the corresponding transition-state energy, 
which turned out to be -1577.23 eV, and we have used this 
value when calculating binding energy shifts. In Al clusters, 
the Is level of the central Al atom has been studied,, so that 
the symmetry of the cluster need not be changed on ioniza-
tion, i.e. the symmetry group could be used both in the 
initial and in the final states. 
For Al^j the transition-state energy of the Is level is 
-1571.73 eV and the difference in the total energies after 
and before the ionization gives 1571.96 eV. The corresponding 
values for an A l
l g
 cluster are -1574.55 and 1574.48 eV, 
respectively. 
The free-atom/cluster shift in a SCF calculation is given 
by the difference: 
A •= E - E 
c.atom c,cluster 
which can be approximated as the difference in the transi-
tion-state energies: 




For the Aljj cluster, 6=5.5 eV a n d A = 5 . 2 7 eV have been obtain-
ed, i.e. transition-state energies can be used only to esti-
mate total energy differences, considering, that binding 
energies can be measured to an accuracy of 0.1 eV or better 
with' XPS. Though no experimental and no theoretical results 
have been reported for A1 clusters, both experimental and 
theoretical data are available for atom/metallic aluminium Is 
core-level shifts. Experimental values for solid-state shifts 
are obtained either from direct simultaneous vapour-solid 
measurements or from comparison between calculated or meas-
ured atomic energies and separate solid-state measurements. 
The Is binding energy 1568.8 eV of a free A1 atom has been 
obtained semiempirically by Aksela et al. [12] in the 
following way. 
The relativistic relaxed-orbital binding energy value 
1567.87 eV of Huang et al. [13] was used as the .starting val-
ue. The experimental free-atom binding energy value of 1568.4 
eV was obtained from the thermochemical model [14] combined 
with X-ray data [15-16]. Because the deviations of the experi-
mental free-atom binding energies from the ab initio calculat-
ions are systematic and slowly varying linear functions of Z 
in the series Ne, Na, Mg, Al, Si, P, S, CI and Ar, Aksela et 
al. used linear interpolation for the correction by selecting 
the data on Ne and Ar as reference values. 
An experimental solid-state Is binding energy of 1558.2 eV 
relative to the Fermi level has been determined by Castle et 
al. [17] . This value has to be corrected by the work function 
of 4.28 eV [18] in order to obtain the binding energy 
relative to vacuum. 
In this way, the experimental value of the atom/metal Is 
binding energy shift for Al is 6.3 eV [12] . 
Various theoretical models, such as the "excited-atom ap-
proach" [19] , the thermochemical model [20] ,etc., have been 
proposed. Spin-polarized density-functional conduction-elec-
tron screening calculations have been performed for core 
ionization by Nieminen and Puska [21] and Rantala [22]. The 
local-density exchange and correlation potential approxima-
tion of Gunnarsson and Lundquist [23] has been used in these 
self-consistent calculations, and for the "atom in jellium 
vacancy" model 6.3 eV [21] and 6.15 eV [22] have been obtain-
ed for the Al atom/solid Is core-level binding energy shift, 
in good agreement with the experimental value. 
Mali and Kanhere [24] presented results for the "atom in 
jellium vacancy" model with.the exchange and correlation 
potential of Vashishta and Singwi [25] , and they used transi-
tion-state theory instead of ASCF. However, their result for 
the 1s level turned out to be rather disappointing, 1.64 eV, 
too low compared with the experimental value of 6.3 eV. This 
large deviation, is due to the inadequacy of the transition-
-state concept when the total energy-dependence on occupation 
number is different from that with an X a type exchange 
potential. 
Taking into account the approximations used in the MS X a 
calculation, both the ASCF result of 5.27 eV and the transi-
tion-state result of 5.5 eV can be considered as good esti-
mates and are in good agreement with the expected atom to 
solid trend of the binding energies. 
However, the corresponding values for the A l ^ cluster are 
2.75 eV and 2.68 eV, respectively. These values are rather 
disappointing, since values higher than 5.27 eV would have 
been expected. This unexpected deviation is due to the artifi-
cial construction of the muffin-tin potential.The interatomic 
region increases with increasing cluster size, and the propor-
tions „of the interatomic regions to the regions inside the 





respectively. Therefore, the muffin-tin potentials are 
badly off in the case of Alj
g
 and are expected to be realis-
tic for Aljj and Calculations for A l ^ are now in prog-
ress, and results will be presented in a forthcoming paper. 
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СДВИГИ 1s УРОВНЯ В НЛАСТЕРАХ АЛЮМИНИЯ С УВЕЛИЧЕНИЕМ 
ИХ РАЗМЕРОВ 
И.Н. Дьемант, Ш. Варга 
Вычислены сдвиги энергии связи 1э элентрона алюминий в кластерах 
алюминия и А1
1д
 методом многократного рассеяния в Ха 
приближения самосогласованного поля.Сдвиги 1з уровня, вычисленные 
разностями энергий переходных состояний, были 5.50 зВ в кластере 
А1
1 3
 и 2.68 зВ в А1
1д
. Эти величины сравнимы со сдвигами 5.27 эВ 
и 2.75 эВ вычисленными из разностей Ха полной энергии. 
